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Abstract

Six localities in the neighbourhood of Amsterdam (the Netherlands) were sampled twice a

month from April to November in 1973, as well as in 1974, in order to investigate the occurrence

of adults of the subgenus Tipula. Together with supplementary data from the museum collection

and from laboratory breedings, the phenology of the species was established. In addition, observations

were made on the habitat selection of some species. The results are discussed in the context of the

evolutionary relationships between the species studied.

Introduction

Three species of the subgenus Tipula occur in the Netherlands, viz., T. oleracea

Linnaeus, 1758, T. paludosa Meigen, 1830, and T. czizeki De Jong, 1925. The species

differ in the shape of the inner dististyle of the male hypopygium, the colour of the

antennal flagellum, as well as the distance between the eyes measured on the underside

of the head. Besides, there are some differences in general coloration (Mannheims,

1950; Den Hollander, in press). The larvae of the three species are morphologically very

similar (Theowald, 1957, 1967; Brindle, 1959).

The species differ ecologically. Generally, both T. paludosa and T. czizeki are

univoltine; T. oleracea, on the other hand, is a bivoltine species. However, differences

in the number of generations per year occur, which may be caused, as with T. paludosa

and T. oleracea, by differences in the length of the fourth larval instar (Den Hollander,

in press) . Because this length shows a rather large variation in some species reared under

laboratory conditions, it may be presumed that in nature the number of generations per

year may vary in some localities and some years.

In this paper the phenology of the species mentioned above is dealt with. The results

are discussed in the context of the systematic relationships of and the possibility of

hybridization between the European species of the subgenus.

Material and methods

The phenology of the species of the subgenus Tipula was studied in four different

ways.

In the first place the material present in the Institute of Taxonomie Zoology

(Zoological Museum), Amsterdam, was studied as to the dates of collecting. For

comparison, also the species of the subgenus Tipula which do not occur in the
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Netherlands are incorporated in this part of the study. These species, viz. 7, mediter-

ranea Lackschewitz, 1930, T. orientalis Lackschewitz, 1930, T. italica Lackschewitz,

1930, T. kleinschmidti Mannheims, 1950, and T. plumbea Fabricius, 1781, occur [in

southern Europe] around the Mediterranean.

In the second place, six localities in the neighbourhood of Amsterdam (Waterland)

were sampled bimonthly from April to November during 1973 and 1974, by sweeping.

The descendants of females of 1 . oleracea, reared in the laboratory, were studied in

order to obtain data on emergency and sex ratio.

Finally, at one locality (Diemerzeedijk, Amsterdam) the numbers of Tipulidae were

counted and their possible correlation with the habitat structure investigated.

Results

I. Museumcollection.

The distribution (%) of the dates of collecting of the species present in the museum
collection is given in Fig. 1, 2 and 3. Fig. 1 presents the material from all over Europe,

except the Netherlands; Fig. 2, the material from Sardinia only, and Fig. 3 relates to

the Dutch material.
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Fig. 2. The frequenqr distributions (%) of collecting dates for Tipula oleracea and T. mediter-

ranea from Sardinia

Fig. 1 shows that only three (T. paludosa, T. italica and T. czizeki) out of the eight

European species of the subgenus Tipula are univoltine, the others being more or less

clearly bivoltine. Some very small differences seem to exist between the species as

regards the period in which the highest numbers occur.

The highest numbers of the spring generation of T. oleracea occur in April, those

of both T. mediterranea and T. orientalis occur in May. The differences in the autumn

flying period of the bivoltine species seem to be of minor importance, though T.

plumbea flies very late in the autumn. T. mediterranea, on the other hand, is the

earliest species. In the same way some differences occur in the flying periods of the

univoltine species, i.e., T. paludosa shows the highest numbers in August and T. czizeki

in October. T. italica is present in the Amsterdam collection in about equal numbers

from August, September, October and November. However, all November specimens

(68) were caught together at the same locality in Lesvos (Greecej.
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Despite these smal] differences in the flying periods between the species, the overlap

is such that in April (bivoltine species), as well as in October (all species) specimens

of all species can be found on the wing. Therefore, a species barrier due to differences

in flying period, if existing at all, must be very weak.

In the bivoltine species, differences in abundance are found between the spring and

autumn generations. This is most conspicuous in T. oleracea and T. plumbea, the first

showing a dominant spring generation, the latter a dominant generation in autumn.

Moreover, the 19 specimens of T. plumbea collected in Sardinia by F. Hartig (sampled

on fixed light traps during the whole year) as well as those collected by R. Prota

(14 specimens) were all collected in the autumn. Only two specimens of T. plumbea

were sampled in spring (April) in Greece. A similar phenomenon is shown by T.

oleracea and T. mediterranea, both bivoltine species^ from Sardinia. 89 specimens of

T. oleracea and 48 specimens of T. mediterranea were sampled by light traps all over

the year. However, 80% of T. oleracea specimens occurred in spring, while, on the

other hand, 90% of the T. mediterranea specimens occurred in autumn (Fig. 2).

Thus it seems possible that these species are not obligatory bivoltine. In the same

way, r. czizeki does not seem to be obligatory univoltine, as Simova reports that T.

czizeki occurs in Yugoslavia in spring (pers. comm.).

The Dutch species of the subgenus Tipula (Fig. 3) behave, in general, like they

do outside the Netherlands. T. czizeki is found during October, T. paludosa during
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August and September. T. oleracea shows a somewhat aberrant picture as compared

with Fig. 1. The main spring flying period in the Netherlands is in May, whereas it is

in April in the rest of Europe (mainly France). In addition, in the Netherlands T.

oleracea appears to be clearly bivoltine, whereas Fig. 1 shows a very small autumn flying

period.

Fig. 3 also shows that, in the Netherlands, only very small overlap exists in the

flying periods of T. czizeki and those of both T. paludosa and T. oleracea. Those of the

latter two species, however, completely overlap during autumn.

The above results show that the separation in univoltine and bivoltine species is not

strict. In some localities, and perhaps in some years, species may be univoltine while they

are bivoltine in other localities, and vice versa. Though some differences exist between

the species as regards the period in which the highest numbers occur, the general picture

agrees very well both in the univoltine and the bivoltine species.

II. Field sampling data.

The results of the bimonthly sampling of six localities in the neighbourhood of

Amsterdam are given in Table 1 and Table 2.

Table 1. The total numbers of males and females caught in the six localities together for the

successive years. A, T. oleracea, B, T. paludosa, C, T. czizeki. 4 10 = April October.

I: first half, II: second half of the respective month

Period of cT 9 total total duration (min.)

sampling 73 74 73 74 73 74 73 74

A 411
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Table 2. The numbers of flies ( ^ + $ ) per 30 min. for the respective localities and the succes-

sive years (Compare Table 1)
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Generally, males are more easily collected than females because of their higher activity

(De Jong, 1925). Nevertheless, in 1973, the total numbers caught of both sexes were

about equal. In 1974, on the other hand, considerably more males than females were

caught. In both years, however, as well as in both generations of either year, the sex

ratio changed clearly from the beginning towards the end of the flying period, i.e., at

first the males had the upper hand, but towards the end of the flying period the number

of females became proportionally larger; at the very end of the flying period the absolute

numbers of females were even larger than those of males (Table lA, 1973).

Rather large differences exist in the total numbers of T. oleracea caught in both

years. In 1974 they were about five times as high as in 1973. This showed to be true

for both the spring and the autumn generations and applied to most of the localities

sampled.

Yearly differences, as well as generation differences exist in some localities (Table

2A). In 1973, T. oleracea occurred in two localities (DZ and HB) in large numbers,

in the other four localities the numbers were much smaller. In 1974, on the other hand,

large numbers of T. oleracea could be found in four localities. Locality BH, in 1973,

showed a spring as well as an autumn generation of T. oleracea, though the numbers

were rather small. In 1974, the spring generation could not be established at all, while

the autumn generation occurred in rather large numbers. The opposite took place in

locality YP where in 1973 the spring generation almost lacked and in 1974 both

generations occurred in large numbers. Locality HS showed again another phenomenon.

Here T. oleracea did not occur at all in 1973 (except during the beginning of October,

however, these females flew high over the area and were assumed to be migrants) , but in

1974 both the spring and the autumn generations were distinct.

B. r. paludosa. The results, given in Table IB, confirm the presumed phenology

on the basis of the material present in the museum collection (Fig. 3). T. paludosa

males and females were almost exclusively found during the second half of August and

the first half of September. Only very small numbers could be collected in the beginning

of August while some specimens could be caught in October. T. paludosa was not

observed at all before August. These results make very clear that T. paludosa is a

univoltine species, showing a rather short flying period as compared with T. oleracea

(2 months)

.

Males of T. paludosa were caught in considerably larger numbers than females. The

overall sex ratio ranged from about 4—5 males to one female in T. paludosa, as

compared with 2—3 in T. oleracea. Changes in this ratio during the flying period

could not be observed, partly due to the sampling method (only two sampling periods

during the main period of T. paludosa).

Differences in total numbers of T. paludosa in the two years do not seem to exist.

These numbers appear to be about ten times as high as those of T. oleracea in 1973,

but only about two times as high in 1974, exclusively caused by the increase in numbers

of T. oleracea in that year.

Though some differences may exist between the different localities (Table 2B), the

main conclusion which can be drawn from the present results is that T. paludosa occurs

in large numbers in all localities sampled during a rather limited period in August and

September.

Both in 1973 and 1974, fourth instar larvae of T. paludosa were sampled in the field,
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from April to the beginning of August. The larvae were reared in the laboratory and

the period in which the pupae emerged as well as their sex were noted. The results are

given in Table 3. About equal numbers of male and female pupae emerged from the

sampled larvae, during the same period in which in the field pupation also occurred.

Though the numbers of pupae are rather small, the figures suggest that changes in the

sex ratio during the period of pupation in the cultures do not occur, this in contra-

distinction to T. oleracea (see chapter III).

C. r. czizeki. Specimens of this species could be caught only during October

(Table IC) in both years. Moreover, the total numbers appeared to be very small; in

addition, this species was found in only two of the six localities investigated (Table 2C).

These results are completely in accordance with those based on the material present in

the museum collection (Chapter I). It thus appears that T. czizeki occurs in smaller

numbers and in more limited areas than T. oleracea, but especially when compared to

T. paludosa. During the period of investigation, T. czizeki proved to be clearly

univoltine, flying in late autumn.

D. Conclusions. T. oleracea occurs in varying numbers in a variety of localities, both

in spring and in autumn. The autumn generation completely overlaps, both in time and

in space, the only generation of T. paludosa, which in the area of investigation occurs

in large numbers and wide-spread during about one month in late summer. To a lesser

extent some overlap exists between T. oleracea and T. czizeki, the latter species occurring

in small numbers in limited areas during autumn. T. czizeki is entirely isolated from

T. paludosa by the differences in flying period.

III. Laboratory breeding data. T. oleracea was reared in the laboratory according to

the method described elsewhere (Den Hollander, in press). Sixteen cultures were raised

from which 510 specimens were obtained. These descendants were analysed as to the

number
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Fig. 4. The duration of the period between egg laying and the appearance of the first pupae in

laboratory cultures of T. oleracea. Fig. 5. The duration of the period that pupae occur in laboratory

cultures of T. oleracea
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Table 3. The number of male and female pupae of T. paludosa emerging in the respective periods

from larvae caught in the field

Period
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appeared during the following five weeks. Table 4 clearly shows that the sex ratio

changed during the period that pupae occurred in the cultures. In the beginning of

this period male pupae dominated, afterwards females became more and more dominant.

In some cultures both the first emerging males and the last emerging females did not

even have the opportunity to reproduce, as the opposite sex was not available during

their life.

Although there exists some variability in the length of the pupal stage, most of the

pupae occurred during seven days in the cultures, both males and females (Table 5).

Table 5. The duration of the pupal stage of T. oleracea

Duration
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already died on the day of emergence. Most male flies, however, lived 5—8 days, most

female flies 7—10 days. The mean values amounted to 6.8 days and 8.2 days for males

and females, respectively (the specimens dying at the day of emergence excluded). So

the life span of females appears to be somewhat longer than that of males (about

15—20 %). The flies do not take up food during their adult life, they only need

some water. Adding sugar to a wet plug of cotton-wool from which the flies drank did

not clearly influence the length of their life (Table 7). Neither the number of eggs

Table 7. The influence of the addition of sugar on the life span (mean, range) and egg laying of

T, oleracea

Life span
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water level being as high as, or even higher than the surface, with the exception of

the higher parts and the slope of the dike.

On 9 days between 21 August and 10 September, the numbers of T. oleracea and

r. paludosa were counted in each vegetation type. Counting occurred at noon, during

one-and-a-half hour. Meanwhile temperature as well as relative humidity were established

in each strip. During this period, adults of both species occurred troughout the study

area. The total numbers of specimens observed, subdivided in active and inactive ones,

are given in Table 8.

Table 8. The numbers of T. paludosa and T. oleracea observed

T. paludosa T. oleracea

59

46

30 (51 %)
22 (48 %)

The percentual distribution of the numbers of Tipulidae per square metre is given

in Table 9. The mean relative humidity and the mean temperature (averaged for the

9 days of observation) at the site in the vegetation where the Tipulidae normally

occur, are also given in this table.

Table 9 clearly shows that T. oleracea prefers other vegetation types as compared to

Table 9. The distribution of T. oleracea and T. paludosa over the different vegetation types

observed cT
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area as compared to the summer generation of this species. In spring large numbers

were found both along the ditch and in the high vegetation on the dike. However, in

that period the vegetation on the dike was much higher and better developed than

during summer because cattle had grazed away most of the vegetation during July.

So, it may be concluded that T. oleracea males and females prefer high vegetation,

composed of various plant species, and that T. pahtdosa males and young females prefer

low vegetations, mainly composed of grasses.

Discussion

The present results concerning the phenology of the species of the subgenus Tipula

in the Netherlands roughly confirm those of De Jong (1925), Pinchin & Anderson

(1936), Brindle (I960), Theowald (1963), and Laughlin (1967). Generally, their

results were obtained with light traps whereas in the present study only sweep net

catches were involved. The discrepancies in details may be caused by different catching

methods.

In some cases T. paludosa has been reported flying during May, June and July, which

assumedly were specimens from a spring generation (Pinchin & Anderson, 1936).

However, in my opinion, it is more likely that these early specimens reflect the

variability (although not large in T. paludosa) in the length of the fourth larval instar.

In T. oleracea this variability is rather large (Den Hollander, in press), which is

manifest by the long period that adults occur in the populations. Now, the flying period

of r. paludosa is rather short and occurs only once a year. This suggests that the

differences between T. paludosa and T. oleracea have been caused by a strong selection

towards the very long period of the fourth larval instar in the former, causing a smaller

variation in flying period duration as well as the fact that it is univoltine.

The phenology of the European species of the subgenus Tipula may be summarized

as follows:

In the northwestern part of Europe, the subgenus Tipula is represented by T. oleracea,

T. paludosa and T. czizeki. T. czizeki is virtually isolated from both other species by

flying very late in autumn (October) ; T. paludosa has its flying period in August and

September, T. oleracea becomes adult during April-June (spring generation) as well as

during August and September (autumn generation).

T. oleracea, T. paludosa, T. mediterranea and T. kleinschmidti represent the sub-

genus in the southwestern part of Europe. T. mediterranea and T. kleinschmidti show

main flying periods during April/ May and September/October.

Thus only small differences in flying periods occur between T. paludosa and both

T. mediterranea and T . kleinschmidti. However, it seems possible that T . oleracea is

especially numerous during spring, whereas T . mediterranea is so during autumn, as

was the case in Sardinia (Chapter IIIA). In that case, T . oleracea is rather isolated from

both T. paludosa and T . mediterranea.

Another group of the subgenus Tipula (T. italica, T. orientalis and T. plumbea, and

again T. oleracea) occurs in the southeastern part of Europa. In this group differences

in flying period occur between T. oleracea and both T. plumbea (main flying period

October/November) and T. orientalis (main flying period May and October) . T. italica

overlaps all other species by flying from August up to November.

However, it is not likely that the above, small, differences in flying periods alone
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are sufficient to act as species barrier. Generally, in the beginning of the flying period

the numbers of males dominate over those of females, the reverse being true at the end

of this period (Chapter III C). Especially in the periods of overlap, females of the one

species occur together with males of the other species, while conspecifics are rare.

This may heighten the motivation for mating and thus lower the threshold for

interspecific matings.

Besides these differences in flying period, differences occur as to the habitat of the

species. Brindle (I960) mentions T. paludosa having the widest range, its larvae

occurring in pasture soil, damp soil, river banks, marsh soil, aquatic moss, as well as

in semi-aquatic moss. T. oleracea is more restricted in its habitat range, occurring in

pasture soil, marsh soil and aquatic moss. The most restricted species, as regards the

habitat range, is T . czizeki, only occurring in pasture soil and marsh soil. The present

study, reveals that T. paludosa occurred in both years in large numbers in all localities

investigated, whereas T. czizeki was found, in reasonable numbers, in only one locality.

T, oleracea, on the other hand, varied in numbers between the respective localities;

in addition the number of generations a year showed to be variable.

These differences, again, decrease the chance that several species occur together.

Actually, only the combination T. oleracea with T. paludosa generally occurs. However,

a detailed analysis of the distribution of males and females of both species, again,

revealed some differences between them. So, the habitat and the phenology, i.e.,

ecological factors, contribute, through the accumulation of several slight effects, to the

reproductive isolation of the species concerned.

In addition, ethological factors may contribute as well to the species barriers.

However, courtship display, if existing at all, does not show to be very specific in

the subgenus. Generally, males try to copulate with every other fly, males as well as

females. Preliminary observations suggest that, especially by the actions of the females,

interspecific matings are prevented in most cases. Nevertheless, under laboratory

conditions, crosses have been obtained from T. paludosa X T- czizeki (reciprocal),

T. oleracea (S X T. paludosa $ as well as T. oleracea <S X T. czizeki 5 . T. paludosa

X T. czizeki produced fertile offspring (Hemmingsen & Theissen, 1956). The fertility

of the offspring of both other crosses could not yet be established. T. oleracea seems to

mate easily with T. czizeki, but the number of trials is still too small. In one case,

r. oleracea (S X T. czizeki $ , larvae emerged from the eggs and grew prosperously,

two of them pupated and one emerged but died soon (Den Hollander, unpubl.).

Only in one out of many trials a T. oleracea male copulated with a T. paludosa female,

after being highly motivated by the addition of conspecific females (decreased

threshold). Out of the eggs laid by the T. paludosa female, a few larvae emerged

which, however, soon died.

These results suggest that the stronger the ecological isolating mechanisms are, the

weaker both the ethological and the post-mating isolating mechanisms operate under

laboratory conditions.

Based on the results obtained till now, it may be concluded that T. paludosa and

r. czizeki represent real species, between which any gene-flow is prevented by premating

barriers. Similarly, T. paludosa and T. oleracea are good species, but here both premating

and post-mating barriers are involved to prevent gene-flow. The status of T. oleracea

with respect to T. czizeki is not clear yet, because neither premating nor post-mating

barriers have been fully successfuU to prevent gene-flow.
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Summary

The phenology of Tipula (Tipula) oleracea Linnaeus, 1758, T. (T.) paludosa

Meigen, 1830, and T. (T.) czizeki De Jong, 1925, have been established on the basis

of material from the collection of the Institute of Taxonomie Zoology (Zoological

Museum), Amsterdam, and with the aid of field observations and laboratory breedings.

Besides, differences in the habitat of the species have been studied.

1. T. czizeki occurs in low numbers in a limited number of localities in the

Netherlands, during October.

2. T. paludosa occurs in large numbers and wide-spread in the Netherlands during

the end of August and the beginning of September.

3. T. oleracea occurs in a variety of localities in the Netherlands during May/June

and August/September (two generations). However, in some localities the numbers vary

strongly from year to year and large differences in numbers were found between the

spring and the autumn generations, even to such extent, that sometimes only one

generation (either spring or autumn) could be established.

4. In a mixed population adults of T. paludosa use the habitat in a different way

than T. oleracea.

5. Including the remaining European species of the subgenus Tipula, it can be

stated that some differences in flying period do occur; however, on the species level

these differences are too small for being effective as species barrier. On the population

level, on the contrary, the differences in flying period might be effective, because they

are supported by differential use of habitat.
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